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Introduction
Lung cancer is still the leading cause of cancer-related death in the world, and there are about 1.5 million newly diagnosed lung cancer cases each year [1] . Most of lung cancers are non small-cell lung cancer (NSCLC), while the left are mainly small-cell lung cancer (SCLC) [2, 3] . Both NSCLC and SCLC are fatal diseases, and have been the focus of medical researches. However, though there are many novel therapeutic methods developed for lung cancer, there is still no obvious improvement in patients' outcomes [4, 5] . In addition, not all patients can benefit from traditional chemotherapy or new targeted therapies, and finding of reliable biomarkers to select suitable treatments for individual patient is very important for patients to get the biggest benefit of treatment [6, 7] . Current studies have found some predictive and prognostic biomarkers in lung cancer patients, such as TP53 and EGFR mutations [8] [9] [10] [11] [12] [13] . The chitinase 3-like 1 (CHI3L1; also known as YKL-40) has an important role in cancer progression, and high CHI3L1 expression is associated with human tumor development and progression. CHI3L1 is a secreted 40 kDa glycoprotein that is up-regulated in several human cancers and other diseases characterized by chronic inflammation [14] . Increased serum levels of CHI3L1 are associated with disease severity and shorter overall survival in many types of cancers. Given the important impact of CHI3L1 on the development and progression of several types of cancer, several studies have studied the prognostic role of CHI3L1 levels in patients with lung cancer [15] [16] [17] [18] [19] . However, the results of from those studies were controversial and the prognostic role of CHI3L1 in lung cancer still remained unclear. Thus, the objective of our meta-analysis was to evaluate the potential relationship of serum CHI3L1 levels with overall survival in patients with lung cancer.
Materials and Methods

Searching database and inclusion criteria
Relevant studies were searched by an electronic search in PubMed, Embase and Wanfang database from 1980 to June 2015. We used the following words: ("non small cell lung cancer", "lung cancer", "lung carcinoma" or "lung neoplasm") and ("chitinase 3-like 1", "CHI3L1" or "YKL-40"). There were no language restrictions or the minimum number of patients. Titles and abstracts were evaluated to identify related studies, and then full texts were read carefully.
The eligible studies for inclusion in this meta-analysis had to meet the following criteria: 1) Assessing the association between CHI3L1 levels with overall survival in patients with lung cancer; 2) The expression of IGF1R was measured by immunohistochemistry (IHC) or quantitative reverse transcription polymerase chain reaction (qRT-PCR), while the levels of serum CHI3L1 were measured by Enzyme-linked immunosorbent assay (ELISA); 3) Comparing the prognosis of patients with high CHI3L1 levels with those with low CHI3L1 levels; 4) Diagnosis of lung cancer was proven by histopathological method; 5) Offering sufficient data for estimating hazard ratios (HR) and 95% confidence intervals (95% CI). Studies without meeting the inclusion criteria were all excluded.
Data extraction and quality assessment
Two reviewers evaluated the articles, extracted data and checked all potentially relevant studies independently. All disagreements between the findings of the two reviewers in the data extraction were resolved by discussion and reaching consensus. The following information from each article were extracted: first author, year of publication, country, types of lung cancer, number of patients, follow-up period, disease stage, detection method, and adjusted HR estimation. From all published researches, the HR and 95% CI could be directly obtained by using survival analysis.
The quality of included studies was assessed by using the Newcastle-Ottawa Scale (NOS) [20] . The quality of those inlcuded studies was evaluated by assessing three items, which mainly inlcuded the selection of participants, comparability of groups, and assessment of outcomes. A study can be awarded a maximum of 3 stars for each item, and higher scores represent studies of higher quality.
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Statistical analysis
The associations between CHI3L1 expression and overall survival were described as HR, and a value of HR over 1 indicated worse prognosis in patients with high levels of CHI3L1. The heterogeneity among studies was examined by the Cochrane's Q test and I 2 inconsistency statistic, and p < 0.05 or I 2 more than 50% was considered to be statistically significant [21, 22] . When there was no significant heterogeneity among studies, the fixed effects model was employed to pool the HR estimates [23] . Otherwise, when there was significant heterogeneity among studies, the random effects model was used [24] . Subgroup analysis was performed by types of lung cancer, such as NSCLC and SCLC. To evaluate the stability of the results, a sensitivity analysis was performed, in which one study was removed to know the influence of the individual study on the pooled HR. Publication bias was investigated by Egger's regression test, Begg's test and funnel plot, and P < 0.05 was considered to indicate statistically significant publication bias [25, 26] . STATA 12.0 software (STATA Corp., College Station, TX) was used to perform statistical analysis.
Results
Study selection and characteristics
42 studies were retrieved initially using the above search strategy. Titles and abstracts screened, a total of 8 independent studies were preliminarily identified and were further assessed by reading full-text [15] [16] [17] [18] [19] [27] [28] [29] . After reviewing the full-text, one study [29] was excluded and seven studies were eventually used in the present meta-analysis [15-19, 27, 28] . There were five studies published in English, and one study published in Chinese (Table  1) . Table 1 showed the main characteristics of those 7 studies included in the meta-analysis [15-19, 27, 28] . Of these studies, three were conducted in the China, two in Denmark, one in Germany, and one in Korea [15-19, 27, 28] . Overall, 911 lung cancer patients were included, with sample sizes ranging from 39 to 242 individuals (Table 1 ). In addition, four studies focused on NSCLC patients, two studies focused on SCLC patients, and the other one study were on all types of lung cancer ( Table 1 ). Six of those 7 studies measured the level of CHI3L1 in the serum, while only one study measured the CHI3L1 expression in tumor tissue. 
Meta-analysis
Meta-analysis of total 7 studies showed that high levels of CHI3L1 expression was independently associated with poorer overall survival in lung cancer patients (HR = 1.71, 95%CI 1.24-2.37, P = 0.001) (Fig. 1) . When excluding the study focusing on CHI3L1 expression in tumor tissue, high levels of CHI3L1 expression was independently associated with poorer overall survival in lung cancer patients (HR = 1.65, 95%CI 1.17-2.34, P = 0.005).
Subgroup analysis by histological type showed that high CHI3L1 expression was independently associated with poorer overall survival in both NSCLC patients (HR = 2.23, 95%CI 1.43-3.47, P < 0.001) and SCLC patients (HR = 1.45, 95%CI 1.06-2.00, P = 0.021) (Fig. 2) . 
Publication bias and sensitivity analysis
The funnel plot in the meta-analysis of total 7 studies seemed symmetrical and didn't detect publication bias (Fig. 3) . In addition, publication bias was also not detected in Egger's regression test (P = 0.45) and the Begg's test (P = 0.55).
When performing sensitivity analysis by excluding single study by turns, the pooled HRs were similar when any single study was removed. Therefore, our pooled risk esitmates were statistically reliable.
Discussion
CHI3L1 has an important role in cancer progression, and high CHI3L1 expression is associated with human tumor development and progression. Considering the important role of CHI3L1 in cancer, its expression has been proposed as a possible prognostic biomarker of lung cancer. Currently, there are several studies available to assess the prognostic significance of CHI3L1 in lung cancer, but no conclusive result is available. Our metaanalysis is based on published data and was performed using adjusted risk estimate from multivariate analysis. To the best of our knowledge, this study is the first meta-analysis on the prognostic significance of CHI3L1expression in lung cancer. The results showed that high CHI3L1 expression was independently associated with poorer overall survival in lung cancer patients (Fig. 1) . Subgroup analysis by histological type showed that high CHI3L1 expression was independently associated with poorer overall survival in both NSCLC patients and SCLC patients. Therefore, our results suggest that elevated serum CHI3L1 concentration is an independent prognostic biomarker for poorer survival in lung cancer patients.
The CHI3L1, which is also known as YKL-40, is a secreted 40 kDa glycoprotein that is upregulated in several human cancers and other diseases characterized by chronic inflammation [14] . CHI3L1 has been considered to have important roles in the carcinogenesis of many types of cancers [30] [31] [32] [33] [34] [35] [36] . Considering the important role of CHI3L1 in cancer, its expression has been proposed as a possible prognostic biomarker of several types of cancer, such as colorectal cancer, hepatocellular carcinoma, prostate cancer, and breast cancer [31, 32, [37] [38] [39] [40] [41] .
CHI3L1 is a highly conserved protein and is expressed by different types of cancer cells [14] . Previous studies have suggested that CHI3L1 can influence the proliferation and differentiation of cells, and it also can influence the metastatic potential and angiogenesis of cancer cells. The biologic functions of CHI3L1 above suggest that it can reflect the aggressiveness and progression of cancer. Therefore, patients with cancer cells producing high level of CHI3L1 may show more aggressive phenotype and a high metastatic potential, Elevated serum YKL-40 levels, compared with age-matched healthy subjects, are found in some patients with both malignant diseases and some nonmalignant diseases, such as rheumatoid arthritis and osteoarthritis. However, not all patients with cancer had elevated serum YKL-40 levels compared with healthy age-matched controls, suggesting that not all tumors secrete YKL-40 or that the protein is secreted at a low level. Therefore, the significance of YKL-40 as the diagnostic biomarker of cancer is not well established. However, the prognostic value of YKL-40 in several cancers has been identified. The findings in the meta-analysis suggest that elevated serum CHI3L1 concentration is an independent prognostic biomarker for poorer survival in lung cancer patients.
However, there were some potential limitations in this meta-analysis. Firstly, most included studies were retrospective cohort studies of patients in hospital, and no prospective cohort had been found. Owing to limitations in retrospective cohort studies, we could not get the adjusted risk estimates after adjusting all confounding factors. Secondly, six of those 7 studies measured the level of CHI3L1 in the serum, while only one study measured the CHI3L1 expression in tumor tissue. Owing to the only one study measuring the expression of CHI3L1 in the tumor tissue, its prognostic role in lung cancer needs the validation of results from future studies. Thirdly, the cut-off values for high level of CHI3L1 expression were arbitrarily selected and varied greatly between studies, which might produce the high heterogeneity. Nevertheless, due to the limited information of the original studies, we were unable to conduct further subgroup analysis by cut-off values. Finally, though we didn't observe risk of publication bias , it cannot be ignored, since positive results tend to be accepted by journals, whereas negative results often are rejected or even not be submitted.
In summary, our results suggest that elevated serum CHI3L1 concentration is an independent prognostic biomarker for poorer survival in lung cancer patients. However, since the limitations mentioned above, these findings need to be explained with cautions when applied to clinical practice. More prospective cohort studies with large samples are needed to further demonstrate the correlations between CHI3L1 expression and the survival in lung cancer patients.
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